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Background & Abstract
The purpose of this project was to provide a robust test set-up for the thesis work
being conducted by graduate students, Jerry Luong & Rory de Sevilla. Their
research aims to evaluate the feasibility of using fiber-reinforced polymer wraps
and splay anchors to retrofit non-ductile concrete shear walls through a series of
tests on reinforced concrete walls.
Four key constraints governed the design of the test set-up. First, the wall can be
cyclically, laterally loaded to develop data for comparison with theoretical analysis
methods. Second, the wall can be axially loaded to simulate interaction effects and
prevent a sliding failure at the base of the wall. Third, the wall must be braced outof-plane to prevent collapse without interfering with test data. Last, the test set-up
can be disassembled, stored, and reassembled with relative ease for reuse on
future wall tests.
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Scope of Test Set-up
The project scope was composed of three main tasks which provided a test set-up
compliant with the governing constraints outlined in the abstract.
The existing reaction frame in the High-Bay Lab was upgraded so that it could be
used for mounting the hydraulic actuator which laterally loads the wall specimen.
An out-of-plane bracing system was designed and erected to support the wall in
the transverse direction in an unintrusive manner. For clarity, this bracing system
was not shown in Figure 1. Finally, an axial load mechanism was designed and
fabricated to apply vertical loads to the test specimen.
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Reaction Frame Upgrades
The existing capacity of the High-Bay Lab reaction frame was determined in Jerry
Luong’s Evaluation Project in 2018. His project determined that the strength
capacity of the frame was adequate for the hydraulic actuator to react off.
However, the frame was found to be less stiff than the test specimen and required
upgrades such that the wall would deflect rather than the frame.
With the redesign completed by Luong, this task only required the installation of
double-channel braces on each side of the frame. This was accomplished by
cutting single channels and gusset plates, drilling holes, and either welding or
bolting all connections. New web stiffener plates were also cut and welded to the
horizontal loading beam and floor transfer beams as a precaution against local
buckling due to the increased load in the frame. Critical welds were completed by
the Project Advisor, Michael Deigert, to ensure adequate strength was achieved.
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Out-of-Plane Bracing
The test specimen walls, being slender cantilevers, were prone to out-of-plane
failures due to the tendency of the wall to kick out or twist during lateral loading.
Further, there was concern that the walls could overturn out-of-plane under any
unexpected load and create a safety hazard along with costing valuable time and
resources. Thus, bracing the wall to prevent these scenarios was essential.
Bracing was accomplished by utilizing the Simpson Strong-Tie Strong Frame in
the lab as a base. HSS Tubes were run parallel to the wall on both sides at midheight and the top. The tubes were welded to steel end plates that were bolted to
the Strong Frame. This system allowed for the existing bolt holes in the frame to
be used and for adjustability in bracing any future specimen. Lastly, Teflon pads on
wood shims were epoxied to the wall to limit friction between the wall and the HSS
tubes in the event of sliding.
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Axial Load Mechanism
The greatest undertaking in developing a test set-up for the concrete walls was
designing and constructing an axial load mechanism. Concrete walls in buildings
are load bearing and an interaction effect occurs between the axial force and
bending force in them. Thus, an isolated wall would not have the same behavior
as a typical bearing wall in a building. Building walls would also typically have
more robust foundation systems and not have a large risk of a brittle sliding failure
at the base of the wall. It was critical to address both issues through a loading
system which could be easily controlled and provide up to 40 kips of axial load.
Dr. Peter Laursen proposed the chosen scheme for the mechanism due to its
popularity in testing facilities nationwide, and project advisor Michael Deigert
provided design expertise in the schematic phase through project delivery. While
the axial load mechanism was not a unique system, it required a great deal of
planning and labor hours to design and construct.
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Axial Load Mechanism
The system works by utilizing a pivot beam running perpendicular to the wall, which is connected to
prestressing rods on each side of the wall. One side receives constant pressure from a hydraulic jack, while
the other side is restrained to prevent movement. Essentially, the jack applies a tensile force on its side and
the pivot beam is leveled by adjusting the rod length on the other side. The result is that each prestressing rod
receives an equal tension force, causing the pivot beam to apply a vertical point load down the center of the
wall equal to the sum of the two tensile forces in the rods. Swiveling rod ends allow for rotations so that the
prestressing rods do not receive bending forces and are able to remain in pure tension.
This system was built by securing a cleated base plate over the anchor bolts embedded in the wall footing on
each side of the wall. On one side, a hydraulic jack was bolted between the two cleats. This jack pulls down on
a prestressing rod which is tied to one end of the pivot beam through a system of plates, rods, and bolts. The
top plate has a threaded hole for a swiveling rod end that is bolted between two single channels which
comprise the pivot beam. The pivot beam is centered on a large cleat plate that is bolted to the top of the wall
and runs between the two channels. A 1-inch Grade 8 bolt serves as the axis of rotation for the beam and
allows it to pivot for leveling. On the other side of the wall, a similar prestressing rod extends down from the
pivot beam, except it is restrained with a swiveling rod end bolted through the cleated base plate instead of a
jack. This configuration provides a strong, adjustable axial load mechanism, with the only compression
member being the large cleat plate between the pivot beam channels.
14

Finished Product

Figure 16

Figure 14

Figure 15

15

Finished Product
The completed test set-up can be seen in Figure 14. The baseline wall specimen
testing was successful, and the set-up worked as intended. Figures 15 and 16
show the crushing of concrete occurring in the boundary zones at the base of the
wall, as well as flexural cracking further up the wall. This specimen was built to
establish an expectation for non-ductile concrete wall performance. Despite some
unexpected wall behavior from specimen construction issues, these results verify
that the steel test set-up is adequate in serving its purpose.
The reaction frame was stiff enough to support the lateral loading actuator without
deflecting, the out-of-plane bracing kept the wall stable and prevented unintended
failures or collapses, and the axial load mechanism was able to accurately apply
enough force to simulate interaction effects and prevent a sliding failure at the wall
base. The set-up successfully played its role without compromising the test data.
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Project Considerations
The project was developed within the context of considerations outside of the immediate project scope. These include global, cultural, societal,
environmental, economic, and constructability considerations. While these are not all directly addressed by the project, it is worth noting that
the intent of this test set-up was to support the thesis work being conducted regarding the feasibility of using fiber-reinforced polymers to
retrofit non-ductile concrete shear walls. In this vein, the project contributed to a potential retrofit solution that is beneficial to hundreds of
thousands of buildings and millions of people who inhabit those buildings.
Globally, the project pushes engineers towards safer, more reliable means of retrofitting dangerous buildings for life safety. Culturally, this
retrofit solution allows for easier, cheaper, and less invasive preservation of culturally significant and historical buildings with non-ductile
concrete walls. Societally, the project accelerates a movement toward safer building infrastructure and makes the goal of retrofitting nonductile concrete buildings more achievable in the near future. Environmentally, retrofitting an existing building (rather than demolishing and
reconstructing) is the most sustainable option to address performance issues. This project not only makes retrofitting more feasible but does
so in a manner that does not contribute a significant carbon footprint. Economically, the ability to use fiber-reinforced polymers as a retrofit
solution for non-ductile concrete walls is revolutionary because it preserves millions of dollars in building value at a much cheaper price than
other retrofit solutions. It is also less invasive and easier to construct than other retrofit solutions.
In the direct context of the project, the economic and constructability considerations played the largest role in project planning. Project costs
had to be kept to a minimum because of the very limited budget. This meant that work was being performed by inexperienced students rather
than skilled laborers, and that ease of constructability governed how much of the system was designed. Figuring out how to use the available
tools and resources to accomplish the project goal was key in moving forward throughout the project.
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Learn by Doing
The greatest challenge and most valuable part of this project was the learning I had to do throughout the whole process. I
had no experience with steel construction outside of structural detailing in my steel design lab. We learn as engineering
students how to design members and connections for strength and reliability, but it was a completely different experience to
construct everything. I had to quickly familiarize myself with dozens of tools, machines, and processes in the lab facilities
that I had never used before. Everything from operating a plasma cutter to sawing and drilling through 1.5-inch thick steel
plate challenged me to step outside of my comfort zone and grow from this unique experience that is not offered in passive
design. Most of the instruction I received had to be sought out on my own, and I learned to improvise and constantly
reconsider my approach to problems in pursuit of a better solution.
I made many mistakes in construction, which were also learning experiences. For example, the bolt holes I plasma cut in the
cleat plates for the axial load mechanism were slightly too small and resulted in significant extra effort to widen them with a
drill. Had I communicated to the shop tech how these plates were being used, they could have informed me that the holes
would oversized beyond what I designed. Working through these avoidable issues gave me the hindsight to be more
successful in future work, as well as become a better communicator in describing intent. I also gained experience in trying to
maintain a project schedule through realistic delays. Critical path tasks would take longer than expected and halt other parts
of the project that depended on their completion. I learned to better prioritize and manage time to move the project forward.
While the test set-up concept came from Professor expertise, it was a student responsibility to construct everything and see
through the project’s completion. Through all the challenges, this project embodied the hands-on, self-learning spirit of Cal
Poly.
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APPENDIX:
Axial Load Mechanism Design

This appendix contains details and calculations used to configure
the axial load mechanism design and determine its maximum
capacity

